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  Hybrid organic-inorganic materials have attracted much interest in recent years because they offer 
considerable opportunities of developing new high-performance and multi-functional materials. Hybrid 
organic-inorganic polymers based on siloxane components are an important class of hybrid materials. The 
materials provide excellent properties such as chemical resistance, thermal stability, mechanical strength, 
and high optical transparency. The use of organosilicon-based multifunctional building blocks provides 
various types of new hybrid polymer materials with unique properties. In most cases, hydrosilylation 
reaction plays a critical role for the synthesis. The direct hydrosilylation of multifunctional organosilanes is a 
crosslinking strategy for hybrid materials preparation, however, the reaction generally results in a gel 
formation. This thesis describes systematic studies for the development of hybrid network polymers based 
on multifunctional siloxane monomers. Chapter 1 chapter gives information about hybrid organic-inorganic 
materials, siloxane-based polymers, hydrosilylation reaction for polymerization, which are key issues 
through this thesis. A synthetic strategy for hybrid network polymers, i.e., two-step preparation, is also 
described. 
	 	 In Chapter 2, a straightforward method was demonstrated for the synthesis of cyclosiloxane? based 
hybrid polymers. 1,3,5,7-tetramethlycyclotetrasiloxane (TMCS), a cyclosiloxane compound having four Si-H 
groups in itself was selected as multifunctional siloxane monomers for one-pot hydrosilylation reaction of 
TMCS monomers with 1,3-divinyltetramethylsiloxane (DTMS) or divinyl-terminated polydimethylsiloxane 
(DVHS) monomers (Scheme 1). In order to avoid gelation, the hydrosilylation reaction was studied at 
changing stoichiometric monomer ratio and the total monomer concentration and controlled synthetic 
conditions examined at the low Pt catalyst concentration. 
  It was found that under the monomer ratio of [TMCS] : [DTMS(DVHS)] =1:1 and below 4 mol/L (TMCS?
DTMS) and 5 mol/L (TMCS? DVHS), resulting hybrid polymers were colorless, viscous-liquid, and 
chemically soluble in toluene, chloroform, and tetrahydrofuran. The polymers left a stoichiometric amount 
some of TMCS silane groups, indicating that the polymers took linearly elongated structures. Furthermore, 
the introduction of 9-vinylanthracene luminescent groups to TMCS ? DTMS hybrid polymers was 
successfully carried out through one-pot, two-step hydrosilylation reaction; at the first step, the TMCS?
DTMS hybrid polymer was synthesized using the aforementioned one-pot hydrosilylation reaction, and then 
9-vinyl anthracene was incorporated into the TMCS? DTMS hybrid polymer.  
  Owing to residual silane groups in TMCS-based hybrid polymers, thermal-crosslinking of TMCS? DTMS 
and TMCS? DVHS hybrid polymer films was conducted through multi-step heating in air (Scheme 2). 
TMCS-based hybrid polymer films were prepared by the Doctor blade method. Under optimized 
hydrolysis/condensation reaction conditions, three-dimentional crosslinking was generated uniformly in 
hybrid polymer films, which was confirmed using FT-IR and NMR spectroscopy. Hybrid network polymer 
films showed good chemical resistance, high optical transmittance, enhanced thermal stability and relatively 
flexible mechanical properties. One-pot hydrosilylation and self-condensation of TMCS-based hybrid 
Scheme 1. Synthesis of TMCS−DTMS and TMCS-DVHS hybrid polymers. 
Scheme 2. Thermal crosslinking of TMCS−DTMS and TMCS−DVHS hybrid polymers. 
 
polymers provide tremendous possibilities of film preparation of new siloxane-based hybrid network polymer 
films with desired functionalities.  
  In Chapter 3, chemical crosslinking of TMCS? DTMS hybrid polymers with various divinyl-terminated 
crosslinkers were investigated. The crosslinker solubility was firstly evaluated for seven divinyl-terminated 
crosslinkers. DEG, DVB, DVBP, and DTMS allowed 
transparent and homogeneous solution formation 
(Scheme 3), however,  three other compounds were 
found to result in heterogeneous mixture formation. 
The crosslinking in films was completed at 200˚C, 
which was 20˚C lower than thermal crosslinking 
described in Chapter 2. The decrease in the curing 
temperature is the advantage of chemical 
crosslinking. As a result, transparent and 
homogeneous hybrid network polymer films were 
successfully prepared. The film showed higher 
decomposition temperatures than those via thermal 
crosslinking. The results demonstrate that the 
crosslinking of hybrid polymers via chemical 
crosslinking, mainly hydrosilylation, is also an 
important and controllable process for 
cyclosiloxane-based hybrid network polymer film 
formation. 
  Chapter 4 focused on silsesquioxanes, represented by RSiO1.5 (R = organic substituent), as a building block 
of hybrid network polymers. Hybrid polymers were synthesized using one-pot hydrosilylation reaction of 
multifunctional TMCS monomers with divinyl-terminated double-decker-silsesquioxane (DDSQ) (Scheme 4). 
In a similar way to Chapter 2, the reaction conditions were examined in detail. It was found that soluble and 
processable TMCS? DDSQ hybrid polymers were obtained at the suitable stoichiometric monomer ratio and 
total monomer concentration, which were different from those of TMCS-based hybrid polymers in Chapter 2. 
The results indicate that the monomer ratio and the total monomer concentration are predominant factors 
for controlled synthesis of cyclosiloxane-based hybrid polymers and that they strongly depend on monomers 
used in the reaction. 1H, 29Si NMR and FT? IR results indicated that hybrid polymers possessed both vinyl 
Scheme 3. Chemical crosslinking of TMCS-DTMS 
hybrid polymers. 
and silane functionalities. Thermal 
crosslinking of TMCS ? DDSQ hybrid 
polymers were carried out with multi-step 
thermal heating at ambient conditions. 
Freestanding hybrid network polymer films 
were prepared as colorless and transparent 
films. The freestanding films showed high 
optical transmittance above 320 nm, 
indicating that TMCS and DDSQ units were 
mixed uniformly in films, though DDSQ has 
an aggregate-formation tendency. TMCS?
DDSQ hybrid polymers are able to form 
homogeneous and uniform films without 
crack formation. Moreover, TMCS? DDSQ 
hybrid polymer films showed high thermal 
stability (~ 400 ˚C) and good mechanical properties.  
  Chapter 5 summarizes the thesis. In summary, the thesis describes systematic studies on hybrid network 
polymers based on multifunctional siloxane monomers. The controlled hydrosilylation reaction of four Si-H 
functional cyclosiloxane monomers with divinyl-terminated monomers provides chemically soluble and 
processable hybrid polymers with residual Si? H functionalities. The method also enables hybrid polymers 
to remove low molecular weight components such as monomers and catalysts.  Using the doctor blade 
method, their films were successfully obtained. Crosslinking of hybrid polymers in films makes 
cyclosiloxane-based hybrid polymers freestanding, highly optically transparent, thermally stable, as well as 
mechanically robust. Hybrid network polymer films via thermal self-condensation and/or chemical 
crosslinking offer tremendous routes to develop hybrid materials with enhanced physical/chemical 
performance and multiple functionalities. 
Scheme 4. Synthesis of TMCS-DDSQ hybrid polymers. 
 
 
